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Integrated Assessment Modeling
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Adaptation & 
Policy
Human 
Activities Emissions
Air quality 
changes Impacts
Cause Effect
• Provides a holistic description of environmental problems
under a policy-driven framework.
• Methodology for gaining insight about the complex
interactions between phenomena.
• Intended to satisfy the needs of a wide range of
stakeholders. Quick response. No intensive computations
involved.
• Broader scope – description of phenomena is simplified.
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The AERIS model
• AERIS – Atmospheric Evaluation and Research Integrated
system for Spain.
• Multi – pollutant approach: SO2, NO2, NH3, PM10, PM2.5.
Describes formation of O3 and secondary particles.
Deposition of nitrogen (Ndep) and sulphur (Sdep) species.
• Addresses air quality variations and impacts as a function
of percentual variations in emissions against a reference
scenario:
• Impacts on forests and crops (O3, SO2).
• Impacts on human health (PM2.5, O3).
• Impacts on ecosystems and soils (Ndep, Sdep) – under development.
• Basic methodology described in Vedrenne et al., (2014) –
Environmental Modelling & Software – (in press).
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Structure of AERIS
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Impacts on forests and crops
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Impacts are quantified in terms of:
•Critical levels of SO2 and NO2 for forests.
•Relative yield losses caused by O3 to 9 crop species.
Forests – broadleaved deciduous, broadleaved evergreen,
mixed leaf, needle-leaved evergreen and flooded forests.
Crops – grape, maize, potato, rice, sunflower, tobacco,
tomato, watermelon and wheat.
Concentration levels for the before mentioned pollutants are
crossed with relevant spatial information (i.e. CORINE Land
Cover 2000, FAO) and impact quantification models (Ashmore
et al., 2004; Mills et al., 2007).
Impacts on forests and crops
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NO2 critical level exceedances for forests.
CLC 2000 Forests
NO2 Mean Annual Concentration (e.g. 2007)
ExCl,NO2
Impacts on health 
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Derived from exposure. Impacts are quantified in terms of:
• Change in the statistical life expectancy (months).
• Total number of life years lost (YOLL).
Methodological framework adapted from IIASA (Mechler et al.,
2002) and WHO (Murray et al. 2002). Based on the survival
function and population counts for Spain, Portugal, Andorra,
France, Morocco and Algeria.
Life tables
(UN, WHO)
Survival functions
Impacts on health
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YOLL due to exposure to PM2.5
Population counts
PM2.5 Mean Annual Concentration (e.g. 2007)
YOLLPM25
Impacts on ecosystems/soils 
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Estimated as an exceedance of a critical load.
• Absolute exceedance of critical loads for soils.
• Under development. Currently quantified: CLnut(N),
CLmin(S), CLmax(S).
The general approach is outlined by the Coordination Centre
for Effects (CCE) (Posch et al., 2001; Reinds et al., 2008).
Quantified for soils with the VSD model provided by CCE.
VSD model
CLmax(S)Soil types and properties
Model testing 
and validation
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Model testing
The impacts estimated by AERIS will be compared to the
outputs produced by reference models: SERCA and GAINS.
Emissions will be the same in both cases.
Comparison with SERCA → Relative yield loss of wheat
(triticum aestivum) produced by exposure to O3.
Comparison with GAINS → Change in the statistical life
expectancy due to exposure to PM2.5 in cohorts of >30 years
old.
Testing will involve conducting a concurrent comparison
based in statistical performance (Pearson correlation
coefficients, mean scores and scatterplots).
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Comparison with SERCA
SERCA (Sistema de Evaluación de Riesgos de la
Contaminación Atmosférica) estimates damage to crops and
forests due to exposure to O3 (de Andrés et al., 2012).
•Emission scenario: 2014 National Emission Scenario.
Quantified with the SEP model (projections).
•Emission sectors and activities in SERCA and AERIS are
identical→ SNAP sectors (no adaptation needed).
•Spatial resolution in SERCA and AERIS for the Iberian
domain are the same (16 km × 16 km).
•Comparison based on a statistical analysis.
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Comparison with SERCA
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2014 National Emission Scenario (SERCA & AERIS)
a Presented as variation percentages with respect to the 2007 National Emission Scenario
Comparison with SERCA
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Results (yield losses)
AERISSERCA
xAERIS = 64 kg/ha yrxSERCA = 66 kg/ha yr
*Results presented as annual crop outputs.
Comparison with SERCA
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Results
*Results presented as relative yield fractions.
r = 0.8392
Comparison with GAINS
GAINS is able to estimate health impacts caused by exposure
to PM2.5, according to the methodology published in Mechler
et al., (2002) and Amann et al., (2011).
• Emission scenario: Gothenburg Protocol Revision
(National Projections 2020).
• Referring GAINS emissions (aggregated by activity and
sector) to SNAP groups considered by AERIS.
• Adapt the results of AERIS (16 × 16 km) to the minimum
spatial resolution. In this case, to the scale of GAINS (50 ×
50 km).
• Comparison based on a statistical analysis.
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Comparison with GAINS
Gothenburg Protocol Revision - GAINS
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a Emissions are 
presented in 
annual metric 
tons (t • yr-1)
Comparison with GAINS
Gothenburg Protocol Revision - AERIS
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a Presented as variation percentages with respect to the 2007 National Emission Scenario
Comparison with GAINS
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Results (change in life expectancy)
AERISGAINS
xAERIS = 1.06 monthsxSERCA = 2.03 months
*Results presented as months of life expectancy losses.
Comparison with GAINS
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Results
r = 0.7204
*Results presented as months of life expectancy losses.
Conclusions & 
Next Steps
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Conclusions
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• Adequate correlations were observed for both comparisons.
Similar order of magnitude between outputs.
• Conducting a classical benchmarking exercise – limited for
GAINS. IAMs developed with different air quality models.
Impacts quantified with different data.
• Analysing the similarities between model outputs increases
the perception of a “fitness-for-purpose” IAM among
stakeholders.
• The comparison with reference models provides interesting
starting points for legitimating the use of AERIS and have
confidence in its results.
Next steps
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• Full version available in late 2014. Results on the remaining
modules will be introduced shortly (i.e. critical loads,
ecosystems, etc.).
• Include an extension for the quantification of cost-effective
results (abatement costs and optimization modules).
• The evaluation of models should be a central part of the
model development process, not an afterthought. Therefore it
should be refined in the future.
• Circulate AERIS among stakeholders and policy developers
for feedback. Increasing model legitimacy and reliability
perception.
• Possibly reduce scale and create a version for Madrid.
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